The role of pH, citrate buffer, and urea were investigated in the suicidal destruction of Helicobacter pylori, with particular reference to the organism's urea and ammonia metabolism. The median five minute survival of H pylon in the presence of 50 mmol/l urea in 0-2 M citrate buffer at pH 6-0 was only 14%, compared with 53% in the same solution at pH 7 0. The median amount of ammonium released into the incubating solution over five minutes was lower at pH 6-0 (9 umol) than at pH 7-0 (18 ,umol) despite similar uptake of urea. The median five minute survival of H pylon in 0-2 M citrate buffer, pH 6-0, decreased from 89% to 14% when the urea concentration was increased from 1 mmol/l to 50 mmol/l. Likewise Methods As our earlier studies had indicated that pH, urea concentration, and type of buffer may have contributed to the suicidal process, the effect of each of these on the organism's urea metabolism and survival was examined.
incubating solution of ammonia resulting fron the hydrolysis of urea fell from 27% to 3% when the initial urea concentration was increased from 1 mmol/l to 50 mmol/l. Survival of H pylori in the presence of 30 mmol/l urea at pH 6-0 was compared in 0-2 M citrate, acetate, and phosphate buffers. The median five minute survival was less in the citrate buffer, at 29%, than in either the acetate buffer 80% or the phosphate buffer 100%. The percentage recovery of ammonia was similar in the three buffers.
These findings indicate that the suicidal destruction of the bacterium may be explained by intracellular accumulation of ammonia due to production in excess of the rate of excretion.
Colonisation of the gastric antral mucosa by Helicobacter pylori is associated with the development of duodenal ulcers.'2 Eradication of the organism from the gastric mucosa reduces the rate of relapse from 84% to 21 % a year.5
Despite its ability to colonise the gastric mucosa, the organism does not survive well under conditions of high acidity.67 The presence of physiological concentrations of urea, however, enhances the survival of the organism at low pH.' It has been suggested that the production of ammonia by the organism's high urease activity may create an "alkaline microenvironment" and thereby promote its survival in acidic conditions.9
In contrast to the protective effect of urea at acidic pH, we recently observed that the organism rapidly dies in the presence of urea in citrate buffer, pH 6.0.10 The speed of death under these conditions suggests suicidal destruction mediated by the organism's urease activity. To investigate the biochemical basis of the suicidal process we compared the organism's urea metabolism in environments causing its rapid death with those in which it survives.
Methods
As our earlier studies had indicated that pH, urea concentration, and type of buffer may have contributed to the suicidal process, the effect of each of these on the organism's urea metabolism and survival was examined.
1 Effect ofpH The survival of the organism, its urea consumption, and ammonia release in 0-2 M citrate buffer (pH 6 0) containing 50 mmol/l urea were compared with those in the same solution at pH 7T0. Similar studies were also conducted with unbuffered isomolar saline at pH 6-0 containing 50 mmol/l urea and 0-2 M citrate buffer (pH 6-0) without urea. 2 Effect of urea concentration The effect of increasing initial urea concentration on urea consumption, ammonia release, and survival of the organism in 0-2 M citrate buffer (pH 6-0) was investigated. The following urea concentrations were examined: 1 mmol/l; 5 mmol/l; 10 mmol/l; 20 mmol/l; 30 mmol/l; and 50 mmol/l. 3 Effect of buffer ammonium ion concentration
The effect of the addition of 10 mmol/l ammonium chloride to 0-2 M citrate buffer (pH 6 0) on the survival of the organism was investigated. 4 Effect of type of buffer The survival of the organism in the presence of 30 mmol/l urea in 0-2 M citrate buffer (pH 6 0) was compared with survival in 0-2 M acetate buffer (pH 6*0) containing 30 mmol/l urea, and with 0-2 M phosphate buffer (pH 6 0) also containing 30 mmol/l urea. Urea consumption and percentage ammonia release were also measured. To start each experiment 1 ml of a 72 hour broth culture suspension (BHI broth, 0-25% yeast extract, and 10% horse serum) of the NCTC 11637 strain of H pylori was added to 9 ml of buffer solution containing urea, or to buffer without urea, and to isomolar saline Suicidal destruction of Hpylori The percentage recovery of ammonia was calculated, assuming complete hydrolysis of urea removed from the incubate by the bacterium. The five minute urea concentration in the buffer was subtracted from the initial urea concentration and the result multiplied by two to give the expected final ammonia concentration. The measured concentration of ammonia was then expressed as a percentage of the expected final ammonia concentration calculated from the fall in urea concentration.
The stock buffer solutions used were 0 2 M sodium citrate buffers (pH 6-0) and (pH 7 0), 0 2 M sodium acetate buffer (pH 6 0), and 0-2 M sodium phosphate buffer (pH 6-0). Isomolar sodium chloride solution was adjusted to pH 6-0 before use. To obtain a range of urea concentrations stock solutions with urea concentrations of 0 1 M, 0 5 M, 1 M, 2 M, 3 M and 5 M were made. All the stock solutions were stored at -20°C until use. To set the initial urea concentration in the buffer 100 pl of the appropriate stock urea solution was added to 8-9 ml of the required buffer to give urea concentrations of 1 mmol/l, 5 mmol/ 1, 10 mmol/l, 20 mmol/l, 30 mmol/l, or 50 mmol/l in the final suspension. Buffers were equilibrated at 37°C and their pH checked before each experiment.
All reagents used were analar grade. The statistical method used to analyse the data was the Mann-Whitney U test.
Results

EFFECT OF pH
The median five minute survival of H pylori, when incubated at 37°C in 0-2 M sodium citrate buffer (pH 6-0) with an initial urea concentration of 50 mmol/l was only 14% (range 0-22%) compared with 53% (range 31-112%) when incubated in the same solution but at pH 7 0 (p < 0 01) (fig 1) . The survival of the organism in citrate buffer at pH 6-0 with 50 mmol/l urea was also reduced in comparison with survival in isomolar saline containing 50 mmol/l urea (median 65%, range 29-113%) (p < 0 01) and with survival in 0-2 M sodium citrate buffer (pH 6 0) without any added urea (median 60%, range 33-114%) (p < 0 01) ( fig   1) .
Urea utilisation was similar in pH 6-0 buffer and in pH 7 0 buffer, being 154 umol/five minutes (126-162 ,umol) and 162 umol/five minutes (73-188 jimol), respectively (table 1). The median five minute amount of ammonium found in the incubate at pH 7-0 was 18 ,umol, however (range 8-21 pmol), which was significantly greater than at pH 6 0 (9 ,umol) (range 7-10 1umol) (p < 0-01) (table 1).
EFFECT OF UREA CONCENTRATION
The median five minute survival of the organism in 0-2 M citrate buffer (pH 6-0) progressively fell with increasing initial urea concentrations from 89% (range 19-124%) at 1 mmol/l to 39% (range 13-87%) at 10 mmol/l, The survival of the organism in 0-2. buffer (pH 6-0) in the presence of 1 ammonium chloride was investigal median ammonium concentration c replicate experiments when measur( start was 10-7 mmol/l (range 9-7-13-1 and at the end it was 10-9 mmol/l (rai 11-3 mmol/l). The five minute survii organism in buffer with ammonium (median 64%, range 20-137%) was s its survival in 0-2 M sodium citra (pH 6-0), without any additions (med range 33-148%).
EFFECT OF TYPE OF BUFFER
The median five minute 5 .'s I pH 6-0 in the presence of 30 mmol/l urea when citrate buffer was used was 29% (range 10-* 64%) compared with 80% (range 26-160%) when acetate buffer was used (p < 0-01) ( It has been proposed that the ammonia produced by the urease activity of H pylori M citrate generates an alkaline microenvironment to 0 mmol/l allow the organism to survive in the acid gastric ted. The environment.9 It was therefore of interest to )f the 12 discover that incubating the organism in citrate ed at the buffer at pH 6-0 in the presence of a high urea I mmol/l) concentration resulted in its rapid suicidal nge 10-6-destruction. We have previously observed this val of the with all strains of the bacterium tested.'0 chloride
The importance of the hydrogen ion concensimilar to tration of the buffer in the suicidal process was te buffer shown by improved survival in citrate buffer lian 60%, solution (pH 7-0) with 50 mmol/l urea compared with that in the same solution at pH 6-0. Although the organism consumed similar amounts of urea at pH 6-0 and pH 7-0, less ffer ammonia was released into the incubate at in buffer pH 6-0. This reduced excretion of ammonia at pH 6-0 may explain the organism's impaired survival at this pH in the presence of urea.
The survival of H pylori decreased with increasing initial urea concentration in the pH 6 that infusion of solutions containing urea using a nasogastric tube can stimulate ammonia production by the organism'5 thereby raising the possibility that the in vitro conditions required for eradication of the organism may be reproduced in the human stomach.
In conclusion, Hpylori rapidly dies in citrate buffer (pH 6 0) containing urea. This may be explained by the metabolic consequences of rapid intracellular accumulation of ammonia. 
